In reconstructing the medial cortex in subtrochanteric fracture treatment, continuity and integrity are important. They can reduce the failure of internal fixation and the incidence of nonunion.
Introduction
Subtrochanteric fractures are femoral fractures that occur below the lesser trochanter to 5 cm distal in the shaft of the femur. They account for 7-34% of femoral fractures [1] [2] [3] [4] . Unlike the intertrochanteric region, the subtrochanteric region is full of hard, cortical bone, with a high level of stress and strong muscles that can cause fracture displacement [5] . Subtrochanteric fractures typically occur at the junction between the trabecular and cortical bones where the mechanical stress in the femur is greatest. Subtrochanteric fractures cause great difficulty in reduction and fixation, and treating them remains a challenge for orthopaedic surgeons.
There have been some reports of implant failure and nonunion [6, 7] . Furthermore, even if the fracture heals, it can still affect the quality of life, especially in elderly patients [8] . Previous studies have typically focused on which implant provides better fixation to achieve stability and a high healing rate.
Restoring continuity and integrity of the medial cortex has not received great attention in the treatment of subtrochanteric fractures. We retrospectively analyzed 46 cases between 2005 and 2008 to discuss the clinical significance of restoration of the medial cortex in the treatment of subtrochanteric fractures.
Subjects and Methods
We retrospectively analyzed 46 cases of subtrochanteric fracture treated between 2005 and 2008. The fractures were found among 30 males and 16 females; their average age was 42 years. Of the 46 cases, 31 involved car accidents, 12 involved falls from high buildings, and 3 involved walking falls. According to the Seinsheimer classification [9] , 26 cases were type IIIA, 7 were type IIIB, 11 were type IV, and 2 were type V. Four cases also involved ipsilateral tibia fractures, and 3 cases involved ipsilateral femoral shaft fractures. Two cases of Gustilo type IIIA subtrochanteric fracture were treated with debridement and external fixation in the emergency department, followed by intramedullary nailing 10 days later. All other cases were treated with intramedullary nailing at the first stage without bone grafting. We used proximal femoral nails in 25 cases, Gamma nails in 7 cases, and Trigen nails in 14 cases. Apparent medial cortex displacement was found in 6 cases. We used a minimally invasive open reduction with wire or titanium cable cerclage, except in 1 case.
Skin traction or femoral condyle bone traction was routinely done when patients were admitted to the hospital. Surgery was performed within 3 days, except for open fractures. General anaesthesia and a traction bed were used in operations. Closed reductions were attempted using clamps, bone hooks, and a spiked pusher. Then we sought to observe and estimate the reduction with a fluoroscopic image, especially of the medial cortex. If the medial cortex was comminuted (39 cases in this series), we did not open the fracture site and fixed it with intramedullary nailing using a closed method. If the medial fracture was not comminuted and apparently displaced, we used a minimally invasive open reduction and wire or titanium cable cerclage. We believe it is important to avoid excessive soft tissue stripping and to maintain the continuity of the subtrochanteric medial cortex.
Results
All patients were followed up for 14-47 months (mean 24.3 months). Bone union was achieved in 45 cases within 15-21 weeks of surgery (mean 18.7 weeks). According to the traumatic hip rating scale, functional results were excellent in 30 cases and good in 16.
There was 1 case of type IIIA fracture with displaced medial fracture that was not reconstructed; it was treated with closed reduction with long Gamma nail fixation at the first stage. Nonunion was found 7 months after the operation. We removed the distal locking screws for 12 months and locked again, but this still failed. Then we used a free fibular transplantation on the medial side and a locking plate on the anterior side 43 months after the first operation, and fracture union was achieved 6 months after this revision surgery ( fig. 1-7 ) .
Discussion
Subtrochanteric fracture, the most difficult of femur fractures to manage, typically occurs in two age groups. In young and healthy individuals, the injury typically results from high-energy trauma, whereas in the elderly . In a survey of subtrochanteric fractures, Velasco and Comfort [3] found that 63% occurred in patients between 51 and 70 years old and 24% in patients between 17 and 50 years old. Waddell [4] found a 33% incidence of subtrochanteric fractures in patients 20-49 years old and a 67% incidence in patients between 50 and 100 years old in their review of proximal femoral fractures. Young patients accounted for more cases in our study, which may be attributable to the high incidence of car accidents in this region. In contrast to the low-energy injuries in older adults, patients with high-energy injuries often also have comminuted fractures and apparent displacement and often show type III, type IV, or even type V subtrochanteric fractures. If the fracture is not well reconstructed, it will lead to complications, such as implant failure, nonunion, and coxa vara. Some researchers have suggested that when a closed reduction cannot restore good alignment, then open reduction should be undertaken to rebuild the anatomy [11] .
Unlike the intertrochanteric region, the subtrochanteric region is composed of hard, cortical bone. The medial and lateral sides routinely suffer strong compressive stresses and tensile stresses, respectively. In the early 20th century, Koch [12] analyzed proximal femur biomechanics during weight-bearing. He showed that up to 1,200 lb/ [12, 13] . This analysis took into account the additional effects of muscle force. Because of the muscle strength around the hip joint, the proximal femur still suffers considerable stress even when the patient is on bed rest, according to Frankel and Burstein [14] .
Presently, the routine surgical treatments for subtrochanteric fractures are intramedullary and extramedullary fixation. Although there are reports of such treatment achieving good results, there are also reports of failure. Celebi et al. [15] reported 33 cases of comminuted subtrochanteric fracture treated with dynamic condylar screws and condylar blade plates. In all cases, union was achieved after an average of 15.1 weeks of follow-up. There was no case of delayed union or nonunion [15] . Sourav et al. [16] also reported a series of 102 traumatic subtrochanteric fractures treated with intramedullary nailing. Although there were some cases of malunion and nonunion, it was suggested that this was primarily caused 6 . At 20 months after reinserting the distal locking nails, the fracture still had not united. We used a free fibular transplantation on the medial side and a locking plate on the anterior side. by bad reduction and hip varus. The researchers believed that intramedullary nailing in the treatment of subtrochanteric fractures could achieve a 95% rate of healing [16] . Chang et al. [17] reported that in some cases with marrow cavity narrowing or comminuted entry points that are not suitable for intramedullary nailing, use of minimally invasive techniques and locking compression plates could result in satisfactory results.
Fracture comminution, choice of fixation, excessive soft tissue stripping and incorrect operation technique may be reasons for failure [5] . However, a factor that should not be ignored is bad fracture reduction, especially with no buttress for the medial cortex. Fielding et al. [18] in a 1974 analysis of the biomechanics of subtrochanteric fractures showed that a medial cortical buttress was required to minimize local stress. They noted that nonunion inevitably resulted in fatigue failure of a fixation device and that nonunion was, in fact, the cause of implant failure [18] . When the integrity of the medial cortex is maintained, a lateral fixation device can act as a tension band. When there is a defect in the medial cortex, lateral fixation will be subjected to high bending stresses. This will likely result in the loosening of internal fixation or implant failure, leading to nonunion. In our study, 1 case of type IIIA subtrochanteric fracture was fixed with a long Gamma nail, and we neglected the medially displaced fracture reduction. Nonunion became apparent 7 months after the operation. Removing the distal locking nails and reinserting the locking nails did not work. Then we used a free fibular transplantation on the medial side and a locking plate on the anterior side 43 months after the first operation. Fracture union was achieved 6 months after this revision surgery. This case shows that an internal fixation device was not sufficient to provide adequate stability for a medial cortex defect. The existence of excessive movement at the fracture site will cause nonunion and even implant failure. In other cases in our study for which we used wire or titanium cable cerclage, bone union was achieved without delayed union or implant failure. Qiu and Liu [19] reported a series of 7 subtrochanteric fracture cases treated with proximal femoral nail fixation and titanium cable cerclage. All cases showed union, at an average of 16 weeks; no cases of implant failure, infection, or coxa vara occurred [19] .
We do not recommend overstripping soft tissue to achieve anatomical reduction of the medial cortex. Studies have shown that in reducing the medial posterior cortex, stripping too much periosteal tissue will lead to nonunion [20] . If a closed reduction achieves sufficient alignment of the fracture to protect blood supply and promote bone healing, then an open reduction and internal fixation of a medial fracture are not necessary. But if the medial cortex is apparently displaced, it should be reduced and fixed. Otherwise, it may result in nonunion or failure of internal fixation.
Conclusion
It is regretful that there is no control group to make this retrospective study more scientific. At the same time, there was only 1 typical case in which the medial cortex was not reduced in this series. It was not enough to confirm the hypothesis that bone healing cannot be achieved without medial cortex reduction. Like the other factors such as fracture type, choice of fixation, excessive soft tissue stripping and incorrect operation techniques, medial cortex reduction was only one of the factors we should take into consideration in treating subtrochanteric fractures.
